The use of silicon in Billbergia zebrina cultivation in vitro is an alternative for optimizing micropropagation of this important ornamental plant species. The objective of the present study was to evaluate the growth and anatomical and physiological alterations in Billbergia zebrina (Herbert) Lindley plants as a function of different sources and concentrations of silicon during in vitro cultivation and acclimatization. The experimental design was completely randomized, with a double factorial arrangement and an additional control treatment (2 x 3 + 1). The first factor was relative to calcium silicate and sodium silicate added to the Murashige & Skoog culture medium; the second factor was related to its concentrations, 0.5, 1.0, and 2.0 mg L -1 . After 100 days, their growth, anatomical characteristics, level of silicon and chlorophyll content were evaluated. Growth characteristics were assessed after 60 days of acclimatization period. Plants absorbed more sodium silicate than calcium silicate. This source also stressed the plants impairing their growth, but the highest silicon absorption at 1 mg L -1 attenuated the stressful conditions. The
INTRODUCTION
Tropical ornamental plants have an important role in tropical agriculture diversification and are highly valued in the international market (Ulisses et al. 2010) . In particular, the bromeliads (Bromeliaceae) are very appreciated for their landscaping and ornamental characteristics, as they have colorful bracts and flowers that can last for several months, and leaves of great visual appeal (Pedroso et al.
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). However, it is still necessary to develop efficient seedling production techniques in order to produce with good quality and competitive commercial advantage. Plant tissue culture technique can be successfully used to improve the vigor and vitality of the plants (Shahzad et al. 2017) . It allows large scale seedling production for commercial cultivation, and may also be used in plant conservation programs, as many species belonging to the Atlantic Forest biome are threatened with extinction, including Billbergia zebrina (Herbert) Lindley of the Bromeliaceae family (Vesco et al. 2011) .
However, the survival rates of micropropagated plants after they have been transferred to the ex vitro environment can be relatively low due to the in vitro culture conditions, thereby limiting the scale of propagation of some plant species (Hazarika 2006) . This low survival rate is related to some in vitro environment characteristics, such as high relative air humidity, limited CO 2 concentration, low irradiation, and high concentration of sugar in the culture medium. These conditions can affect the vigor of the tissues of such plants propagated in vitro and thus hinder their successful transfer to the ex vitro environment (Kozai et al. 2005 , Park et al. 2011 .
Furthermore, plant acclimatization represents a delicate phase in the production of micropropagated seedlings, not only due to water stress, photosynthesis, and nutrient absorption by the young plant, but also due to fungal and bacterial infections that can occur during this vulnerable stage (Tombolato and Costa 1998) . To avoid this problem, it is necessary to develop research protocols that enable the production of in vitro seedlings with greater quality and more resistant to the stressful factors they are exposed to during acclimatization.
The use of silicate in the culture medium offers a possible tool to obtain bromeliads of greater quality that are resistant to acclimatization. This element contributes to the final quality of the plant, since its accumulation in the leaves confers plant protection, increases its photosynthetic capacity, reduces water loss and promotes its growth, and in general minimizes the biotic and abiotic stress factors that can affect the young plant (Epstein 1999) .
Review articles about the use of silicon in plant tissue culture have demonstrated its efficacy Park 2014, Sahebi et al. 2016) . The inclusion of this element in the culture medium in vitro has promoted the growth of explants (Braga et al. 2009 , the induction of organogenesis and somatic embryogenesis (Abiri et al. 2017 , Mathe et al. 2012 , and has improved morphological, anatomical (Asmar et al. 2013a) , and physiological characteristics of the seedlings (Dias et al. 2017 , Manivannan et al. 2017 . Additionally, the use of silicon can increase plant tolerance to different biotic and abiotic stresses, such as salinity Jeong 2014, Soundararajan et al. 2015) , drought (Watanabe et al. 2000 , Liu et al. 2014 , low temperatures (Duan et al. 2013) , and metal toxicity (Prabagar et al. 2011) .
Based on the efficacy of the tissue culture technique for plant propagation, the benefits derived from the use of silicate, and considering that the absorption of this nutrient by the plants is dependent on the chemical and structural nature of the compounds present in the culture medium, we proposed this research, which is a novelty about bromeliads micropropagation. Thus, the objectives of this study was to identify sources and concentration of silicates in the in vitro cultivation of Billbergia zebrina (Herbert) Lindley in order to develop plants that are more resistant to acclimatization.
MATERIALS AND METHODS

In vitro ESTABLISHMENT
The seeds of B. zebrina were disinfected and inoculated onto MS medium (Murashige and Skoog SILICATES AND Billbergia zebrina MICROPROPAGATION 3451 for dehydration. The samples were subsequently coated with carbon (Baltec CED 020) and analyzed using a scanning electron microscope (LEO EVO 40 XVP-Leo Electron Microscopy, Cambridge, UK) coupled to detection system of X-ray microanalysis: EDS X-Flash Detector 5010 (Bruker, Berlin, Germany), following the protocol described by Alves and Perina (2012) .
GROWTH CHARACTERISTICS
Fifteen plants from each treatment were evaluated, divided into three replicates, and collected randomly. The roots were washed to remove the remaining culture medium. The number of roots (NR), root length (RL) in cm, number of sprouts (NS), number of leaves (NL), and root fresh weight (RFW), root dry weight (RDW), shoot fresh weight (SFW), and shoot dry weight (SDW) were determined in mg. The dry weight of the plant material was obtained after drying in a 60 °C oven until a constant weight was reached.
LEAF ANATOMY ANALYSIS
Three plants from each treatment were randomly collected and fixed in 70% ethanol. Transversal and paradermal sections were obtained from the medial region of the foliar limb of the first fully expanded leaf. The sections were clarified in 3% (v/v) sodium hypochlorite solution and later stained using a 7:3 solution of Astra Blue (0.1%) and safranin (1%) (Bukatsch 1972); 50% glycerin (v/v) was used to assemble the slides. The sections obtained were visualized using an optical light microscope (Zeiss MicroImaging GmbH Scope.A1, Göttingen, Germany) coupled to a digital camera (Canon A630, Tokyo, Japan) for image capture. The photomicrographs generated were used to measure the anatomical structures with the help of the UTHSCSA-Imagetool® software. The characteristics measured were the following: stomatal density (no. cm -2 ), thicknesses 1962) for germination. For shoot multiplication, the internodal segments were inoculated onto MS stationary medium with 30 g L -1 of sucrose and 13.0 µM of 6-benzylaminopurine (BAP) (Martins et al. 2015a ) for a period of 45 days. Nodal segments were inoculated in 250 mL glass flasks, each containing 50 mL of MS culture medium, with 5.5 g L -1 of agar, 30 g L -1 of sucrose, and a pH of 5.8. Calcium silicate (CaSiO 3 ) and sodium silicate (Na 2 SiO 3 ) were added to the MS medium at the concentrations of 0.5, 1.0, and 2.0 mg L -1 .
Basal MS medium with no silicate addition was considered as control treatment, thus establishing a factorial experiment with an additional treatment (i.e., 2 x 3 + 1).The culture medium was autoclaved at 121 °C and 1 atm for 20 min. After transferring the explants into the MS medium in a laminar flow chamber, the plants were maintained in a growth room with a 16-h photoperiod, at 27 ± 2 °C, and a 32-μmol m -2 s -1 flux of photosynthetically active photons, for a period of 100 days.
SILICON QUANTIFICATION
Colorimetric method
Concentration of silicon was determined using the colorimetric method. For this analysis, three replicates formed of five whole plants from each treatment were randomly collected, washed, and dried in a forced-air ventilation oven, at 60 °C for 72 h, until a constant weight was achieved; they were then ground separately to analyze the presence of the element. This analysis was performed according to the method proposed by Korndörfer et al. (2004) .
X-ray microanalysis
Fragments of leaves were fixed on stubs with the aid of a double-sided adhesive tape of carbon and properly identified. Then they were kept for 24 h in a desiccator containing activated silica gel of the adaxial and abaxial leaf sides of the epidermis (µm), thicknesses of the hydrenchyma and the chlorenchyma (µm), and xylem vessel diameter (μm).
LEVELS OF CHLOROPHYLL a AND b
Levels of photosynthetic pigments in B. zebrina leaves were determined in the Laboratory of Plant Products, in the Department of Food Science of UFLA. Nine plants per treatment were used for this purpose, corresponding to three plants per repeat. A known quantity of fresh plant material (± 0.5 g) was used in the analysis and later ground in 10 ml of 80% acetone to extract the chlorophyll.
The solution was filtered and analyzed in a spectrophotometer at the wavelengths of 470, 645, 652, and 663 nm, according to the methodology by Engel and Poggiane (1991) . The equations proposed by Li et al. (2013) were used to calculate the levels of chlorophylls a and b.
ACCLIMATIZATION
After 100 days of culture in vitro, 15 plants from each treatment were transferred onto greenhouse trays. These plants were previously washed in order to remove the culture medium from the roots, thus avoiding the development of any fungus that may hinder the growth of the seedlings. Tropstrato® was the substrate used during acclimatization. The plants were maintained in the greenhouse with 70% shading for 60 days, and then the growth characteristics were analyzed to quantify NR, RL, NS, NL, RFW, RDW, SFW, and SDW.
EXPERIMENTAL DESIGN AND STATISTICAL ANALYSIS
A completely randomized experimental design was adopted, with a double factorial arrangement with and additional control treatment (2 x 3 + 1). Therefore, the data collected were submitted to analysis of variance (ANOVA) and the means were sorted using Tukey's multiple range test at 5% of probability. The comparison between the treatments with silicon and the control was performed using the Dunnett's multiple range test at 5% of probability.
RESULTS
SILICON CONTENT
The levels of silicon (Si) obtained using both methods of quantification were comparable ( Figure 1a ). There was a significant interaction between the sources and concentration of silicate in the determination of the level of silicon present in the plants. B. zebrina was unable to absorb and incorporate silicon in its biomass when the source was calcium silicate, presenting values similar to those observed in the control treatment.
Conversely, using sodium silicate in the cultivation of B. zebrina allowed higher absorption of silicon by the plants. The use of 1.0 and 2.0 mg L -1 sodium silicate resulted in higher levels of Si in both methods, with 92% and 75% more silicon detected when compared with the control treatment (by the colorimetric method), respectively. Evaluation of the levels of Si by the X-ray method was not sufficiently sensitive to detect the presence of silicon on the control treatment ( Figure 1a , b).
GROWTH ANALYSIS -In vitro
The NR, RL, NS, RFW, RDW, SFW and SDW presented a significant interaction between the source and concentration of silicate used. For the number of leaves (NL), only the isolated factors were statistically significant. No significant difference was observed in NR among the concentrations used in the treatment with calcium silicate, presenting a lower amount of roots when compared with the other source tested, sodium silicate ( Figure 2a ) of silicates after 100 days of in vitro growth. (a) means followed by '*' are different from the control by Dunnet's multiple range test at 5% probability; lowercase letters refer to the unfolding of the sources within each concentration; the means with distinct lowercase letters are different by Tukey's multiple range test at 5% probability. Capital letters refer to the unfolding of concentrations within each source; the means with distinct capital letters are different by Tukey's multiple range test at 5% probability. the NR when compared to the control treatment. RL was greater at 2.0 mg L -1 calcium silicate, differing from the other concentrations tested for this source (Figure 2a ). However, all the concentrations were enough to promote greater root growth compared to the control treatment. Sodium silicate at 1.0 mg L -1 promoted higher RL compared to the other two concentrations of this source; it was also the only treatment that differed from the control. The highest NS was obtained at 2.0 mg L -1 sodium silicate ( Figure 2a) ; it was the only treatment statistically different from the control. Regarding calcium silicate, there was no significant difference detected between the concentrations. Sodium silicate at 1.0 mg L -1 showed the highest NL among all concentrations (Figure 2a ). However, none of the treatments differed from the control.
Higher weight values were obtained both for RFW and RDW, as well as SFW, when 2.0 mg L -1 calcium silicate was used (Figure 2b ), which did not differ from the treatment with 1.0 mg L -1 to RDW and SFW. Both concentrations were superior to the control treatment for these characteristics.
Sodium silicate at 1.0 mg L -1 showed higher RFW, RDW, SFW and SDW and differed from the control (Figure 2b ).
LEAF ANATOMY ANALYSIS
Silicate sources and concentrations had significant effect on the leaf stomatal density, thickness of the adaxial epidermis, hydrenchyma and chlorenchyma and diameter of xylem vessels. The differences can be observed by the paradermal section of the leaves (Figure 3a ). Higher number of stomata were observed at 2.0 mg L -1 calcium silicate, increasing up to 30% when compared to the control treatment.
In contrast, the number of stomata reduced when concentrations above 1.0 mg L -1 sodium silicate were used, leading to 50% lower stomatal density than observed in the control treatment (Figure 3c ). Adaxial and abaxial epidermis can be visualized by the cross section of the leaves (Figure 3b ). Root fresh weight (RFW), root dry weight (RDW), shoot fresh weight (SFW) and shoot dry weight (SDW) in mg. Means followed by '*' are different from the control by Dunnet's multiple range test at 5% probability; lowercase letters refer to the unfolding of the sources within each concentration, the means with distinct lowercase letters are different by Tukey's multiple range test at 5% probability; Capital letters refer to the unfolding of concentrations within each source, the means with distinct capital letters are different by Tukey's multiple range test at 5% probability. '**' Indicate no significant statistical interaction between the sources and concentrations. means followed by '*' are different from the control by Dunnet's multiple range test at 5% probability; lowercase letters refer to the unfolding of the sources within each concentration; the means with distinct lowercase letters are different by Tukey's multiple range test at 5% probability. Capital letters refer to the unfolding of concentrations within each source; the means with distinct capital letters are different by Tukey's multiple range test at 5% probability. '**' Indicate no significant statistical interaction between the sources and concentrations. Bars 50 μm (a) and 100 μm (b). significant, with calcium silicate resulting in higher thickness values for this epidermis (Figure 3e) .
The cross section of the leaves at the Figure  3b shows both parenchyma structures. Near 50% increase in hydrenchyma thickness was observed when either 1.0 or 2.0 mg L -1 calcium silicate were used. Sodium silicate at 0.5 and 1.0 mg L -1 resulted in approximately 25% increase in the hydrenchyma thickness compared with the control. However, high concentration of this compound impaired the development of the hydrenchyma; thus, 2.0 mg L -1 sodium silicate resulted in lower thickness when compared with the control treatment. All treatments were statistically different from the control, except 0.5 mg L -1 calcium silicate ( Figure   3d ). Chlorenchyma thickness increased with the use of 1.0 and 2.0 mg L -1 calcium silicate. The highest concentration resulted in greater thickness for this tissue, with an increase of approximately 42% compared to the control. However, a reduction in chlorenchyma thickness was observed for all sodium silicate concentrations tested when compared to the control. The lowest chlorenchyma thickness was observed at 2.0 mg L -1 sodium silicate concentration (Figure 3d ). The diameter of the xylem vessels increased as the concentrations of calcium silicate increased. As such, the greatest diameter was observed at the highest concentration. The opposite effect was observed with the use of sodium silicate, for which a xylem diameter 17% lower than the control treatment was observed. All treatments were statistically different from the control (Figure 3f ).
CHLOROPHYLL CONTENT
The interaction between the factors was not significant with respect to the level of chlorophyll a. However, the factors in isolation significantly influenced this variable. The highest level of chlorophyll a was observed when 1.0 mg L -1 calcium silicate was added to the medium, but no difference between 0.5 and 2.0 mg L -1 concentrations was noticed. All treatments differed statistically from the control (Figure 4 ). Significant interaction was detected between the sources and concentrations used to chlorophyll b content. The use of calcium silicate resulted in higher levels of chlorophyll b when compared with sodium silicate. Besides, at all calcium silicate concentrations tested, the levels of this chlorophyll type were statistically different from the control. The use of sodium silicate resulted in higher level of chlorophyll b only at 1.0 mg L -1 concentration when compared with the control treatment (Figure 4 ).
GROWTH ANALYSIS -ACCLIMATIZATION
The plants behaved similarly to what was observed in vitro for some characteristics during acclimatization.
There was significant interaction between the sources and concentrations of silicates for NR, RL, RFW, RDW, SFW and SDW. Different concentrations of calcium silicate did not interfere on the NR and RL, yet this source also resulted in higher NR and lower RL compared to sodium silicate, especially at 1.0
Figure 4 -Chlorophyll a and b content (g g -1 ) of B. zebrina leaves as a function of different sources and concentrations (mg L -1 ) of silicates after 100 days of in vitro growth. Means followed by '*' are different from the control by Dunnet's multiple range test at 5% probability; lowercase letters refer to the unfolding of the sources within each concentration, the means with distinct lowercase letters are different by Tukey's multiple range test at 5% probability; Capital letters refer to the unfolding of concentrations within each source, the means with distinct capital letters are different by Tukey's multiple range test at 5% probability. '**' Indicate no significant statistical interaction between the sources and concentrations.
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and 2.0 mg L -1 (Figure 5a ). The NR was significantly lower than the control at 2.0 mg L -1 calcium silicate while RL was higher at the concentrations 1.0 and 2.0 mg L -1 sodium silicate. Regarding NS and NL, neither an interaction between the factors nor any statistical difference within each factor was detected (Figure 5a ).
The lowest values for RFW and RDW were obtained with the use of sodium silicate at 1.0 and 2.0 mg L -1 (Figure 5b ). These same concentrations led to higher RFW and RDW with calcium silicate source, increasing approximately 94% and 32% above the control, respectively. Regarding the RDW, only at 1.0 mg L -1 calcium silicate there was a significant positive difference compared with the control, whereas a significant negative difference was observed with sodium silicate at the concentration 2.0 mg L -1 (Figure 5b ). SFW and SDW were higher in the treatment with calcium silicate at 1.0 and 2.0 mg L -1 than the sodium silicate source and the control. SDW increased 81% above the control at 1.0 mg L -1 calcium silicate, whereas 2.0 mg L -1 sodium silicate reduced 40% (Figure 5b ). An image of the plants at the end of the acclimatization period can be seen in Figure 6 . ) of silicates after 60 days of ex vitro growth. (a) Number of roots (NR), root length (RL) in cm; (b) Root fresh weight (RFW), root dry weight (RDW), shoot fresh weight (SFW) and shoot dry weight (SDW) in mg. Means followed by '*' are different from the control by Dunnet's multiple range test at 5% probability; lowercase letters refer to the unfolding of the sources within each concentration. The means with distinct lowercase letters are different by Tukey's multiple range test at 5% probability; capital letters refer to the unfolding of concentrations within each source, the means with distinct capital letters are different by Tukey's multiple range test at 5% probability.
3458
DISCUSSION
The greater Si absorption derived from sodium silicate source compared to calcium silicate may be explained by the dynamics of nutrient absorption. According to Malavolta et al. (1997) , the absorption of a certain element is influenced by the presence of another. Possibly, the differential concentrations of Ca 2+ and Na + ions from the silicates source had an influence on the absorption of Si. In addition, Si may have been absorbed by the plant as a defense mechanism against the possible salt stress generated by Na + ions, in that silicon functions effectively to mitigate different types of stress in plants (Zhu and Gong 2014). Besides, Na + ions can be absorbed faster than Ca 2+ ions by the plants, which may have contributed for the highest Si absorption with sodium silicate (Schaedle 1990 , Faquin 2005 . Asmar et al. (2013b) verified greater absorption of calcium silicate in relation to sodium and potassium silicates in 'Grand Naine' banana plants. However, higher calcium and sodium silicates was absorbed in micropropagated 'Maçã' banana plants when compared to potassium silicate source (Asmar et al. 2011) . This difference shows that the absorption of silicon depends not only on the source used but also on the species and variety of plant studied.
Regarding the difference observed on the silicon levels between the colorimetric method and the X-ray microanalysis, this result could arise from the unequal accuracy of the two methods. Generally, the use of calcium silicate led to a better performance of B. zebrina plants in vitro in terms of its growth traits. However, based on the Si analysis, in which the absorption of this element was compromised, we suggest that the improvement obtained using this source was due to the higher availability of calcium to the plants, as this element is very important for plant development, particularly in bromeliads. Calcium plays an important role in processes related to the maintenance of the structural and functional integrity of plant cell membranes, stabilizes cell wall structures, controls ions selectivity and transport, and also regulates ion-exchange behavior as well as cell wall enzyme activity (Radi and Karimi 2012) . Aranda-Peres et al. (2009) highlighted the various benefits of supplementing MS medium with calcium for the micropropagation of Vriesea friburgensis, V. hieroglyphica, and V. unilateralis, placing this macronutrient on the list of key elements for bromeliads.
X-Ray Microanalysis technique is a qualitative
Conversely, the higher silicon absorption when using the source sodium silicate, especially at the concentration of 1.0 mg L -1 , shows that silicon can favor plant propagation, in light of the greater accumulation of mass in the aerial part observed in this treatment. Sivanesan and Park (2014) pointed out that silicon is beneficial for the plants during the in vitro culture, and it can also improve the productivity of various plants. Moreover, this nutrient may minimize several types of stress, including nutritional imbalance. Asmar et al. (2013b) obtained longer root length with sodium silicate compared to calcium silicate in 'Grand Naine' banana plants. Pasqual et al. (2011) and Soares et al. (2013) verified that the use of different silicon sources in vitro optimized orchid seedlings micropropagation. All these results show that the response of the plants to silicon depends on its source, concentration and the plant species.
The results for the anatomical modifications in the present work can be discussed in two different ways. First, from the plausible view that calcium silicate improved the plants anatomical characteristics due to the transport of Ca 2+ to the inside of the plant. Second, considering the alteration in the anatomy in response to sodium silicate as an attempt to protect those plants against the possible salt stress generated by the increase in the concentration of Na + ions in the culture medium (with silicon being the main attenuating agent against this stress). The increase in the number of stomata due to the use of calcium silicate may contribute for a better transpiration control, which can lead to higher adaptability to the ex vitro environment (Dias et al. 2014) . Calcium is a critical component of the cell wall, involved on the permeability of the cell membrane; it also favors plant transpiration (Raven et al. 2007) . In contrast, the reduction in the number of stomata can mitigate water loss via transpiration in response to the stress caused by the sodium silicate.
Thickness of the adaxial epidermis was larger with the use of sodium silicate, which may be related to the formation of a physical barrier against water loss due to silicon deposition in the cells (Korndörfer 2006) . The thicker abaxial epidermis found when calcium silicate was used may be related to the structural role of calcium (Prado 2008) , once it can provide greater protection to the stomatal cells -in the case of B. zebrine these are concentrated on the abaxial side of the leaf, which helps with the regulation of transpiration. A greater abaxial epidermal thickness was also obtained in the cultivation of 'Maçã' banana plants in vitro, when using calcium silicate in comparison to sodium and potassium silicate sources (Asmar et al. 2013a) .
The higher thickness of the hydrenchyma and chlorenchyma found when calcium silicate was used are associated to the greater water storage capacity (Martins et al. 2014 ) and the maintenance of the water status of the cells (Martins et al. 2015b) for the first parameter and to the greater capacity to perform photosynthesis for the second, because more developed chlorenchyma may be correlated with higher photosynthetic rates (Freschi et al. 2010 ions from the root to the shoot of the plants, which is carried out exclusively via xylem through the transpiratory flow (Tester and Davenport 2003) .
The chlorophyll content is related to the ability of plants to photosynthesize. Chlorophyll a is the pigment used to perform the photochemistry phase, while chlorophyll b has influence on the light absorption and on the radiant energy transfer to the reaction centers (Streit et al. 2005) . Calcium silicate led to higher content of chlorophyll a and b, this can be related to the greater thickness of the chlorenchyma and, possibly, to the higher number of stomata which increases the capacity of plants to capture CO 2 , stimulating the production of chlorophyll within the chlorenchyma (Asmar et al. 2013b) .
The higher chlorophyll b content found increases the absorption of energy from the radiation; it also increases the photosynthetic potential of these plants and their adaptability to the acclimatization. Although chlorophyll content was lower when the plants were exposed to sodium silicate, the presence of this source increased the chlorophyll content in the plants, mainly at 1 mg L -1 . Braga et al. (2009) also reported an increase in chlorophyll content and leaf weight in strawberry cultivated in vitro in the presence of sodium silicate compared to other silicate sources. The behavior of B. zebrina plants observed in vitro in the presence of different sources and concentrations of silicate in this research had a great influence on the performance of the plants during acclimatization. The plants cultivated in vitro with the addition of calcium silicate to the culture medium were noticeably superior in relation to those cultivated with the use of sodium silicate, which in turn were inferior even when compared to the control treatment. The better performance of the plants in the presence of calcium silicate was possibly due to an increase in the concentration of calcium in the plant tissues, once the absorption of silicon from this source was limited. Likely, sodium silicate source caused stress to the plants due to the elevated concentration of Na + ions present in the media culture, thus hindering the ex vitro development of the plants.
The magnification of plant anatomical structures -namely the increased number of stomata, greater thickness of the abaxial epidermis, thicker hydrenchyma and chlorenchyma -in addition to the higher chlorophyll content present in the plants treated with calcium silicate, mainly at 1.0 and 2.0 mg L -1 , led to the optimization of the seedlings production of B. zebrina during the acclimatization, attesting the importance and practical application of the present study.
CONCLUSIONS
Calcium silicate promotes better performance of B. zebrina plants in vitro and mainly during the acclimatization, especially at 1.0 mg L -1 , therefore recommended for micropropagation of this species. Despite the stress caused by the use of sodium silicate in the in vitro cultivation, this silicate at 1.0 mg L -1 mitigates the stress generated in the plants, attesting to the role of silicon on the protection of plants under stressful conditions.
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